Background: To date, risk factors for equine glandular gastric disease (EGGD) have not been
grain feeding are also considered important contributors to disease. 6, 9, 10 Exercise, and the associated increase in intra-abdominal pressure that results in disruption of gastric pH stratification and "splashing" of highly acidic fluid from the ventral stomach onto the squamous mucosa, is also considered a key factor. 11 A variety of experimental and epidemiological studies have identified risk factors, focused primarily on feeding and exercise practices, for ESGD that influence the management of clinical cases. 6, [12] [13] [14] [15] [16] [17] [18] The pathogenesis of EGGD is not known, but it is believed to be caused by the failure of the normal gastric glandular mucosal defense mechanisms. 19 Although there is some evidence that nonsteroidal anti-inflammatory drugs (NSAIDS) administered in excess of the therapeutic dose can cause EGGD in foals and adults, 20 evidence for this occurring under field conditions is lacking. 19 Although bacteria, such as Helicobacter spp., have been implicated in the development and perpetuation of glandular disease in other species, they have not been identified in the mucosa of affected horses. 21 As such, the pathogenesis of EGGD remains unknown.
The aims of our study were to determine the management factors that are associated with EGGD, identify clinical signs seen in affected horses, and compare these to ESGD in Thoroughbred racehorses.
| METHODS

| Study design
One hundred and nine Thoroughbred racehorses trained for flat racing from 8 training yards (3 in the United Kingdom and 5 in Australia)
were recruited to the study. All horses were in active race training at the time of the examination. In Australia, examinations were performed on every horse maintained at the yard that was in active training, whereas in the United Kingdom, subsets of horses were examined because of sedation drug withdrawal times for racing. The study was approved by the University of Nottingham Ethics and Welfare
Committee and conducted under relevant NSW state legislation.
| Questionnaire survey
A detailed questionnaire was completed for each horse by the trainer to acquire information regarding signalment, management, perceived racing performance, behavior, and general health status. Questions on management factors included training yard location, environment (turnout type and amount, availability of stable toys, and contact with other horses when stabled), feeding (details of forage, concentrate, and supplements), and exercise regime (time in training, frequency, and type of exercise including the use of the horse walker and swimming).
Questions on general health status included appetite, body condition and the ease with which body condition could be maintained, other concurrent disease, and any medications administered. Questionnaires were completed by trainers blinded to the gastroscopic findings.
| Gastroscopic examination and evaluation
Each examination was carried out at the horse's training yard using a portable 3-m video gastroscope. The timing of examinations was variable throughout the weekly training regimen of the horses. All horses were fasted for 6-8 hours before gastroscopy. Access to water was not restricted. The horses were sedated with detomidine (Equimidine, Zoetis, UK; Dozadine, Axon Animal Health, Australia;
10-20 μg/kg bwt iv) with or without butorphanol (Torbugesic, Zoetis, UK; 20 μg/kg bwt iv) and examined for the presence of gastric disease.
The squamous, glandular, and pyloric regions were evaluated during the gastroscopic examination, and videos and images were stored of each region from each horse to be reviewed and graded by a single observer (J.L.H.B.). The grades obtained by J. L. Habershon-Butcher using videos and images were used for statistical analysis. The squamous and glandular mucosa were graded separately using a 4-point scale. 22 
| Data analysis
All data are described and displayed as percentages and 95% confidence intervals (CI), where appropriate. Squamous disease was regarded as clinically relevant if graded ≥2 of 4 in the point scale.
Glandular disease was regarded as clinically relevant if graded ≥2 of 4. Univariate analysis to evaluate the relationships between gastric disease, and trainer observations was performed using either chisquare or Fisher's exact tests (if groups less than 5). Variables with a P-value <.25 were then considered for inclusion into 2 separate multilevel multivariable logistic regression models that were built using both a stepwise forward and backward elimination procedure. Where multiple related variables were significant, the most biologically meaningful or the most significant was included in the model. 
| RESULTS
There was approximately an equal number of male and female horses with more than two-thirds of the horses being older than 4 years of age. Within the 109 horses evaluated, prevalences of 72% (95% CI:
64%-80%) and 25% (95% CI: 16%-32%) were observed for ESGD and EGGD, respectively.
Signalment and management factors associated with ESGD and EGGD are shown in Table 1 . Behavioral factors, stereotypical behavior, and clinical manifestations of disease associated with ESGD and EGGD are shown in Table 2 . Results of univariate and multilevel, Horses with stereotypies were more likely to have ESGD (OR 5.0; 95% CI: 1.6-15.9). These findings were not present for EGGD.
| DISCUSSION
The prevalence of ESGD in the present study (72%; 95% CI: 64%-80%) is similar to previous reports, 1,2,12,24 but the prevalence of EGGD (25%; 95% CI: 16%-32%) is lower than previously described in Australian Thoroughbred racehorses (47%-65%). 2, 8 The prevalence of ESGD consistently increases as the intensity of management and exercise, and the feeding of high grain diets, increases; however, a similar effect is not consistently observed in EGGD. In endurance horses, the prevalence of EGGD is 16% outside the competition period and 27%-33% during the competition period. 25, 26 An abattoir population of feral horses had an EGGD prevalence of 30%, in contrast to an EGGD prevalence of 71% in domesticated horses in the same study. 27 However, relatively high prevalences of EGGD, higher than those observed in the present study, is seen in populations typically considered at relatively low risk of ESGD. Fifty-four percent of leisure horses and 64% sport horses presented for gastroscopic evaluation in the UK had EGGD. 28 Comparably, 72% of Canadian
Warmblood show jumpers 29 and 57% of Danish horses used for a variety of purposes 5 had EGGD. These findings suggest that domestication and management might play a role in EGGD development, but that other risk factors might also be important. To date, the risk factors for EGGD have been poorly described. Breed is a risk factor with Warmblood horses identified to be at increased risk of EGGD. 5, 30 This finding potentially explains the relatively high reported prevalences of EGGD in the sport horse populations described above. The reasons behind the discrepancy between the previously described high prevalence in Thoroughbred racehorses, 2, 8 and the different findings within a similar population in our study are unclear.
A 10.4-fold increased risk of EGGD was associated with exercising ≥5 days per week in the present study, although no effect of exercise intensity or duration was observed. Exercising Warmblood show jumpers ≥6 days per week increases the risk of disease by 4.6-fold. 29 It has recently been proposed that a relationship between frequency of exercise and gastric blood supply might exist in horses, or that exercise could be an example of physiological stress on the glandular mucosa. 31 Regardless of the pathophysiological link based on the current evidence, it appears that restricting exercise to ≤4-5 days per week could reduce the risk of EGGD.
Trainer was identified as a risk factor for EGGD, and similarly, an increased number of caretakers and riders were identified as possible risk factors in another study looking predominately at riding horses. 30 Horses with EGGD have increased cortisol response to exogenous ACTH administration, 32 and horses with exaggerated response to novel stimuli are also at an increased risk of EGGD. 33 Together, these findings suggest that stress might play a role in the pathogenesis of EGGD, and that stress minimization could be beneficial in reducing the risk of EGGD in some animals. However, the authors acknowledge that specific techniques of stress minimization vary considerably among individuals.
Horses with EGGD were more likely to be racing below expectation than horses without disease. Warmblood show jumpers at international level are less likely to have EGGD than lower level competition horses 29 and polo ponies. 34 These findings suggest that EGGD might have negative impacts on performance. Although not present in our study, poor performance is associated with the presence of ESGD in Thoroughbred racehorses. 12 An alternative explanation is that high-performing horses are better adapted to their environments, and as such, the stress response to their environment is lower than less adapted horses. More experienced show or show jumping horses have lower cortisol concentrations than less experienced horses, 35, 36 and if stress, or cortisol, plays a role in the pathogenesis of EGGD as proposed above, a moderated stress response through adaptation could reduce the risk of disease.
Time in work ≥6 weeks was associated with an increased risk of ESGD. This finding is not surprising as acid injury to the squamous mucosa is considered the primary factor in disease development. 19 Increases in carbohydrate intake and exercise associated with increased time in work would be expected to increase the risk of disease given the key roles that both factors play in the pathophysiology of ESGD. 6, [9] [10] [11] Stereotypic behavior was seen in animals with ESGD, although not with EGGD. This has previously been reported, although in the previous study it was oral, rather than locomotor stereotypies that were associated with ESGD. 37 Aggression toward handlers was not increased in animals with any form of gastric disease. Animals with ESGD were less likely to display aggressive behavior toward their handlers.
The presence of ESGD was identified as a risk factor for EGGD.
This is inconsistent with a previous report 38 but might simply be reflective of the high prevalence of ESGD in the present study population.
Alternative possible explanations are that EGGD lesions surrounding the pyloric antrum could result in reduced gastric emptying, making it more likely that the squamous mucosa comes into contact with acidic gastric contents or that some parts of the pathophysiology are shared between these 2 conditions. Further work is needed to understand how these conditions might be linked, but at present, it is the authors'
opinion that the body of evidence suggests that they should be regarded as separate disease entities until documented otherwise.
No association was identified between NSAID administration and gastric disease. The authors acknowledge that the study lacked the power to evaluate this particular aspect because of the low numbers of horses receiving this type of medication, but this finding is consistent with current consensus opinions on the subject. 19, 31 There was no association between gastric disease and colic or weight loss in the present study. The failure to associate gastric lesions with colic contrasts results from previous studies. 3, 12, 39, 40 Gastric disease in humans, which by their anatomy are glandular, causes abdominal pain, weight loss, and signs associated with intestinal bleeding. 41, 42 Therefore, the failure to associate clinical signs of colic in this population of horses is perplexing, but it could be explained by an absence of pain, a stoic nature of the racehorse in training, or manifestations of pain that are not recognized as colic by trainers.
Alternatively, a type II error might be present as the sample size was relatively small for this type of study.
The design and execution of the study has limitations. A large part of the study was questionnaire-based, and it is possible that inaccurate information could have been provided by the trainers. The UK part of the study had potential for bias because the horses used were selected by the trainer to fit in with sedation and withdrawal times for racing. It is possible that trainers provided horses that were performing badly, not eating well, or that they thought the horses had gastric disease, so the prevalence of gastric disease might be overestimated in the UK part of the study. However, the prevalence of ESGD was similar to previous reports, and the questionnaire data did not suggest that the horses examined were underperforming. Furthermore, all horses in the Australian stables were examined, and the Australian horses make up the majority of individuals in the study. As such, selection bias is considered unlikely by the authors. Although the robustness of the grading could have been improved by multiple individuals grading the lesions, the EGUS Council grading system has been widely used and implemented. It has recently been recommended that grading systems not be used for EGGD as they imply linearity for disease. 19 However, the authors used a cutoff of ≥2 of 4 for inclusion in the study analysis with an EGGD lesion ≥2 of 4 in the point scale considered to be where the loss of mucosal integrity has occurred. This is a commonly used therapeutic intervention point for EGGD. 31 Similarly, the authors used ≥2 of 4 for assigning significance to ESGD lesions as this is a commonly used therapeutic intervention point.
Lastly, the authors acknowledge that the study could have been underpowered and thus some important risk factors associated with management might have not been identified.
The potential association between stress and EGGD suggests that further studies evaluating the relationship of stress, stress responses, and EGGD in horses are warranted. Furthermore, studies investigating the potential for limiting the number of days of exercise as a preventative strategy in the management of EGGD appear warranted. Lastly, whether horses benefit from dedicated rest days, or complete rest, during the treatment of EGGD warrants investigation.
In summary, the findings of our study further support the notion that EGGD should be considered as a distinct disease entity to ESGD.
Exercising ≤4 days per week could reduce the risk of EGGD. Horses with EGGD are more likely to perform below expectation, and, as such, EGGD might be performance limiting in some affected individuals. Although further work is needed to substantiate this finding, stress appears to play a role in the pathogenesis of EGGD, and management strategies aimed at stress minimization could reduce the risk of EGGD in some individuals.
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